Abstract -In long-day breeders like horses, the length of nocturnal melatonin secretion is the main messenger of photoperiod. Previous studies have shown that the nocturnal jugular melatonin concentration is lower in horses, than in mules but is unknown in donkeys. The aim of this study was to estimate the inter-animal variability of plasma melatonin concentration in domestic mares and to compare this concentration with those observed in domestic jennies and in their hybrid mules. In the autumn, blood samples were collected at 22 h, 23 h, 0 h and 1 h during 2 nights at 3 weeks intervals, in 110 pony mares, 10 jennies and 6 mules maintained under natural photoperiod. Melatonin was assayed by a validated RIA method. The statistical analysis of the measures was done with a specific unbalanced analysis of variance model. The effect of species and individuals (nested under species) was highly significant. The mean melatonin concentration was 24 pg.mL −1 in mares and was significantly lower than in jennies and in mules which were 90 pg.mL −1 and 169 pg.mL
INTRODUCTION
Equines and hamsters are long-day breeders. In mares, after the anovulatory period during the autumn and winter, the date of the first annual ovulation is significantly advanced by a light treatment of 14.5L;9.5D beginning around the winter solstice [1] . In horses, the role of melatonin has only been investigated in the regulation of reproduction. Melatonin is secreted only during the night by the pineal * Corresponding author: dguillau@tours.inra.fr gland. The length of nocturnal melatonin secretion is the main messenger of photoperiod in reproduction [2] . This level increases immediately after the sunset and decreases with the sunrise and shows irregular peaks all during the night. The total melatonin production rate is proportional to the night duration [3] . In contrast, the nocturnal plasmatic melatonin concentration appears unrelated to the reproductive status, and some mares showing no cyclicity in the winter do not exhibit a rise in plasmatic melatonin values during darkness [4] .
In jennies, an anovulatory period during the autumn and winter is also observed with approximately the same characteristics as in mares [5] . In Donkeys, no data are available on the effect of light and/or melatonin treatment on the end of the sexual inactivity in winter and on nocturnal melatonin concentration.
Some female mules (jack donkey × mare), present a complete genital tract with functional ovaries. These animals are generally sterile but some cases of conception have been described [6, 7] . A few mules show regular cyclicity but most of them have irregular periods without ovulation. So it is difficult to characterise winter ovarian inactivity in this hybrid [8] .
A previous study showed [9] that the nocturnal jugular melatonin concentration was high in mules, probably higher than in horses.
In humans [10] as in ewes [11] , it is reported that, from one night to another, the nocturnal variation of melatonin level seems to be very stable, within the same individuals, but high variability exists between individuals. This suggests that the nocturnal melatonin level is genetically determined. The genetic control of nocturnal variability in melatonin level is well demonstrated in humans [12] and in ewes [13] . In equine species, it is almost impossible to find a sufficiently large herd, in the same place, with an appropriate genetic structure to calculate the genetic parameters of the nocturnal melatonin level.
The aims of this study were the following:
-to estimate the nocturnal melatonin level, its variability between individuals and its frequency of distribution; -to verify if the hypothesis of a genetic determinism of melatonin concentration can be supported by the comparison of this level in the 2 parental species and in their hybrid.
MATERIALS AND METHODS

Animals
A total of 110 Welsh pony mares and 6 mules of the experimental herd of INRA in Tours (48 north latitude), 10 jennies of the experimental herd of the Veterinarian School in Nantes (48 north latitude), kept under natural photoperiod, were used in this experiment.
In a previous study, we verified that these mules were really interspecific hybrids. The karyotype analysis of the 6 assumed mules was determined by analysis of lymphocyte metaphases. Their karyotype (2n = 63) was composed of one donkey set (n = 31) and one horse haploid complement (n = 32).
Blood sampling
Blood samples were collected on the left jugular vein with heparinised tubes (Vacutainer Vecton-Dixon), from the left jugular vein, in the usual stable of these animals, during a first night, in the autumn, at 22 h, 23 h, 0 h and 1 h and during a second night, 3 weeks later, at the same hours. During natural darkness the mares were attached and samples were collected using a low red light intensity red lamp worn on the experimenter's head (< 1 lux at 20 cm). Blood was immediately centrifuged and plasma was stored at −20˚C until melatonin assays.
Melatonin assay
Plasma melatonin concentration was measured with a specific radio immunoassay [14] . We previously verified that the total binding fraction was the same in free melatonin plasma from the 2 species and their hybrid. To calculate the concentration, the standards from 1.25 pg.mL −1 to 5000 pg.mL −1 , were made in mare low melatonin plasma. This plasma was chosen from a group of plasma samples collected during the daytime and presenting the highest binding radioactivity. On these standards, a 4 parameter logistic function was estimated using the SAS software. All samples collected in the 2 species and in the hybrid were twice measured in the same assay. The place of each sample was randomly assigned and the 2 assay tubes were not treated successively but independently. The sensibility of this assay was 5 pg.mL −1 . The superior limit of quantification, where the measured radioactivity was significantly different from the non-specific binding was 500 pg.mL −1 . One day sample, one sample with mixed night and day plasma, one night sample and one sample with exogenous melatonin were routinely used as quality controls and were put, every 100 samples. Their concentrations were respectively the following: not detectable, 5 pg.mL −1 , 15 pg.mL −1 , 535 pg.mL −1 with intra-assay variation coefficients of respectively 35%, 13% and 20%. The first and the last values were near the limits of quantification of the assay.
Statistical analysis
In order to test if the frequency distribution curve is near the normality or not, the flatness coefficient of Kurtosis α 4 (with
2 where m n is the order n central moment) and the skewness coefficient α 3 (with α 3 = m 3 /(m 2 ) 3/2 ) were used.
These two coefficients, α 4 and α 3 , calculated before and after log transformation are compared to the theoretical value obtained for the Gauss curve: 0. The statistical analysis was done with specific unbalanced analysis of variance after log transformation with SAS software. A first analysis was done for the inter animal variability in which species and animals were the main factor; the error term for the species effects was individual effects nested under species. A second analysis for the inter-animal variability used a repeated data model considering the following factors: species, individual nested under species, collection weeks, collection hours and the appropriate interactions. For the different time effects the error term is the appropriate interaction. On the significant effect, L.S. mean differences were tested on the appropriate interaction.
RESULTS
The means of nocturnal melatonin concentration in each species for each week are presented in the Table I .
The distribution of frequency of melatonin concentration in the different types of animals is presented in Figure 1 . On this curve, the flatness coefficient of Kurtosis, α 4 and the skewness coefficient, than 10 pg.mL −1 , 30% between 10 and 20 pg.mL −1 and 35% between 20 and 130 pg.mL −1 l. Ten per cent of the mares never showed a melatonin elevation higher than 10 pg.mL −1 in the 8 blood samples. The repartition of the mares was not normal but was well normalised by a log. transformation (Fig. 2) . After log transformation the coefficients α 4 and α 3 were −0.5 and −0.2, respectively. They were not different from the theoretical value 0. All 10 jennies had melatonin concentrations higher than 20 pg.mL −1 and 3 of them were higher than 100 pg.mL −1 . All 6 mules had a melatonin concentration higher than 50 pg.mL −1 and 2 of them higher than 300 pg.mL −1 .
The species effect was highly significant (P < 0.0001). The melatonin concentration is significantly (P < 0.0001) lower in mares than in mules and in jennies but did not differ significantly (P = 0.3) between mules and jennies.
The effect of the hour of the blood sample collection was not significant (P = 0.6). The week effect and the interaction species-weeks were not significant (P = 0.9 and 0.5 respectively).
DISCUSSION AND CONCLUSION
In the two species and in their hybrid the melatonin concentration was very stable between one night and another. This stability is probably the result of a strong individual determinism. In these 110 mares, an attempt was made to study the genetic effect but the genetic structure of our experimental breed was not well adapted for this type of study and the heritability of the melatonin level cannot be valuably estimated.
A lot of mares presented a low average concentration of nocturnal plasmatic melatonin, and some of these mares never showed an increase higher than 10 pg.mL −1 during the night time. These results confirmed those of Fitzgerald and Schmidt [4] . Melatonin, in mares as in other species, play a major role in the determinism of winter ovarian inactivity. The first ovulation is advanced by a photostimulation and exogenous melatonin suppresses this photostimulation [2] but some mares have no nocturnal melatonin increase and show winter ovarian inactivity [4] . In ovine species, the intraventricular melatonin concentration is higher than in blood [15, 16] ; this is probably the same in the equine species. These observations suggest that, in the equine species, the main route of melatonin in the direction of the reproduction axis is not the general blood circulation but probably the cerebrospinal fluid through the third ventricle. This hypothesis is sustained in ewes by Tricoire et al. [17] ; in this species melatonin acts on the reproduction axis via the mediobasal hypothalamus [18] .
In mules the high melatonin concentration [9] is well confirmed. This concentration cannot explain the general sterility of mules as Cozzi et al. [9] supposed; this concentration is comparable with the concentration found in jennies or in ovine species with a similar RIA using the same antibody [11] . This is the first study on the melatonin concentration in jennies. This concentration is higher than in mares and lower, but not significantly, than in mules. The jennies were not blood sampled in the same place as mares or mules, so the melatonin concentration was probably underestimated.
The melatonin concentration is higher in the interspecific hybrid than in horses and higher in donkeys than in horses. These results suggest that the melatonin concentration is genetically determined. The principal component of the high concentration of melatonin in the mules comes from the jennies. These results confirm the high heritability observed by Wetterberger et al. [12] in humans and by Zarazaga et al. [13] in ewes (respectively h 2 = 0.53 and h 2 = 0.45). The interspecific hybrid between horses and donkeys could be an interesting model to study the genetic determinism of endocrine level.
